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.TiON

This report Is a study of the performaic(. of Salcoruine.,

toa o frboM onrev sTil AC,

on rw withapproximuate~ flowraeof329-1 ft.!ag
T has porbing t under pressueun of d10 , 75 50 a ond40 .

Fo to A ahe reo pe n o pen ting c.r.°tiont happpri
tolb ne 100 s~ with r a circulating e ofsin few abi..
parative runs were made with a 5 at 1Os oxyg:n at-ospipoerd
at these optimum conditions e

Based an the theoptum operating condition: met on anbosrp.
tion eapsoity of 1.1 oxgen by veight, a uni' as; desi.gnId
In conjunction with Mark A for maintai•,ng a ". o:.ygrn a'tios-inhez-e) owv a period of 60 . 90 days with a ,ont-.muous a,.-.-
Oak 0. aftm into the specified cha;hero

I
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INZTRODUCTION

Ao Anthorifatisn

This pro=t was authorized by the task order of Con-
tract Nq §61.

Bo Statement of the Problem

a progare vs proposd to determine the optim= operat-
Ing 0ondtions when using Salcomine to control th3 oxygen
content in a 4000 cufte chamber* The data was t3 be used
to design a unit to meet Mark A conditions.

C. *&M Facts Bearii oMn tM Problem

It has been found(l) that the hazds arising from sod-
ium fires can be minimized if the atmosphore over the sodium
is loss than 7% otgen. To maintain a low oxygen atmosphere,
it was decided to use a regenerative system in which o3rgen
is absorbed by a gramlar so514 chemical, and thea regenera-
ted in a cyclical process.

The absorbents, vhich are metallio.ecilates, possessthe ability to absorb oxygen reversiblyI. ). They are struc-

p turally similar and can be represented by the formula

GH,,N-chi -rim -W--CH

0 -CO 0

T. 0~ oR R(

where R is hydrogen in the case of Salomin, a mathocy
aroup (CH.• -- ) in the case of mothomine. and an ethoxy group

oýi.Mne in the case of ethomine. Theso absorbents aresolids which can readily be caked or granulated.

The chenicals absorb oxygen to the extent of three to
four weight per cent from air atmospheric or bigher pres-
suros and room temperatures On heating to temperatures vary-
inc from 1300 to 2007e. the compounds release, or doesorb,
the oxygen. The desorp•ion is usually carried out under
vaauum to minimize the destructive oxidation of the cheamical,

- f f a.I
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J1ON
The additional amount of oxygon that can be absorbed per

unit of ahemical per cycle deoroasos as saturation is approach-
ed. In use the absorption period is usually terminated at 70
per •ent of saturation.

A detailed discussion follows on Saloomine which was the
absorbent selected for maintaining a low oxygen content in
the chamber.

Do Literaturo ReAseach In Saltoni e

Shalcomine is a maroon-colored microcrystalline material
which is somewhat soluble in pyridig, chloroform and benzene
as roarorted by Diehl and Co-workers.iJ• The material, In a
dry state absorbs oygen, tPunibg from maroon to bliak in
color. The deoxygenated form of the material is paramagnetic,
the oxygenated form diaJ agntic The oompound is quite toxic-
inhalation of the finely divided dust should be avoided.

Salcomine wil• absorb oxygen reversibly and nitric oexide
and nitrogen dioxide irreversibly. Carbo ionoxide, nitrous
oxide and sulfur dioxide are not absorbed . Pure carbon
dioxide at atmospheric pressure and room temperature d M not
appreciably affect the absorbing capacity of Salcomt

The absorption of oxygen is a reversible procoss with a
heat of reaction of 18.5 kilocalorles/g.mol of oxygen ab-
sorbed•

It has been shown by Diell and Co-workers, that Salcamine
is a binaclear compound in which a molecule of vater acts as
a bridging group (sr-&quo) between teo cobalt atams, each of
which is surrounded by the quadridentate chelating mulaole
of the Schiff base. This material has tgo unique property
of reversibly absorbing and releasing oxygen. The addition
of the oxygen is thought to take place by the formation of a
peroxo group, which makes a second bridgo between the two co-
balt atoms and fills the sixth coordination position of oeah
cobalt atom. Thus, one oxygen molecule is asorbed for each
two oobat,•atoms, corrsponding to a gain In weight of 4.79
poer ent;%'.-

General rules are that the aaqgen be absorbed at rela-
tively low temperatures (50-7?F) and increased pressurs.
Raoonoration should be ar(iedt at approximately 200F
under 0.1 atmocpheri pressure a The Salcomine should be
maintained at the regeneration tmperatures as short a time
as possible# and should be cooled before the absorbing cycleis startedo

-2-
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Adverse effects on the efficiency and lifo of 8a•6'
are produced by oily o T6irty air, water vapor, anmonia, and
ultra violet radiation , The materials which are absorbed
irrevorsibly also decreise the efficiency of the chemical.
,xaessivoly oily or dirty air .lll affect the life of the
cholate n. .•o•,tinc.i=i, op•eration althcugh there is no harmful
effect for short oxnosuro tines. ;'water vapor vill be ab-
sorbed by Salcomine but is removed in the dosorption cycle*
If the der point of tho atmosphere is higher than the de-
sorption temperature the condmnqation of water has a delet-
erious olfoA. on the chemical(.' Wator vapor in the de-
sorption atmosphere has only a slight catalytic offect on
the rate of chemical deterioration, but the anount of active
Salcomine for oxygen absorption can be lororod by as much as
75 NP

Although a number of factors contribute to deteriloration
of the chelatos, the most important seems to be an irrevers-
ible oxidation by molecular oxygen. Uicro-photographic stud-
ios showed the fracture of crystals into smaller fragments
during oxygenation. The Saleomine will fall to nmroximately
75% efficiency after 1500 cycles of regenoration"'.

A program was proposed to determine the engineering dol-
sign factors for a unit to operate under the folloving condi-
tions submittad by KAIrh and MB.

1. The gas from the cooler (feed to oxygjen absorbers)
at.700?.

2. Fresh vator at 1801OF available up to 3 GPM for the
desorption cycloe

3. Chilled water at 500F avwilable upx to 3 GP! for
the absorption cycle.

Vith an initial 7% oxygen content in the chamber, the
range of variables vas outlined to deternino the optimum
orerating conditions.

Inlet Pressure Circulating :2ate
psi CFH (free air)

100 2,1

*75 2.5,2g1

50 3,2,1

30 3,2,1

"-3-
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After detormining the optimum conditions, a few tests
were proposed with a and 10% oxygen atmosphere in the

chambere The range of the USA oxygen indicator (0-10% oxygen)
was used to set the limit of the oxygen content in the feed

METHODS
A* A. pxl

Three standard shell and tube heat exchangers (Figures
1 and 3) were packed with Salcomine in the tu.es to depths
of 22 15 and 10 inches containing 9.2, 6.4 and 4.2 pounds
of Salcomine raspectiveiy. The Saloomine was made in our
own laboratory. Water was circulated through the shell side
for temperature contrcl of the bed, A compressor circulated
the atmosphere of the chaxber through eaeh of the three units
(Figures 2 and 4). The USA oxygen indicator (range 0 - 10%)
was used for oxygen analyses, the Instrument being chocked
with an Orsat analysis duri•g initial runs.

Be UgoaedUe and Ozeration

After checking the entire system for lea'rs, the chamber
was evacuated to approximately 10 inches of m~rcury (ABS) and
filled with nitrogen to obtain an approximate 7% oxygen at-
mosphere. Thereafter a slight pressure was "cept in the cham-
ber by introdacing nitrogen when needed throughout thq test
program*

The test program was started after the initial activation
of the chemical, The average absorption was carried out for
60 minutes with inlet air and cooling water t'mperatures of
approximately 75oF and 50OF respectively. The inlet and out-
let gas temperatures, pressure and flow were recorded vith
the water temperature and flow. The inlet oxyrgen was analyzed
at the beginning and end of each rtun, while t'Ve exit gas stream
was sampled continuously and recorded every I minutes.

All regenerations were carried out at ap'proximatoly 1600?,
under 3 inches mercury pressure (A•S) and the Saleomine was
cooled to about 50OF before the absorbing cycle was started.
The time necessary for regeneration wea about 11 minutes,
which was cheocked by installing a wvet gas reter on the exhaust
and measuring the flov of gas during desorption. The flow
rate of the cooling and heating water was approximately 3 GPM.

I'1I
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DISCUSSION OF DATA

Tables I, II and III show the summarized data of the
three Salcofine absorbers. The maximum absorption was about
1*5r, as oompared to the value of 4403% obtained in the lab-
oratoW with 100% oxygen at 40 pei pressure. All runs were
made to nearly complete Oxygenation and runs 3a and 25 (Fig.
ure 5) wre carried out until the exit and inlet oxygen eon-
tent more .almost equal. At the end of the runs the total
absorption was approximately 1.4% at the higher pressure and
1.0% at the lower pressure.

There have been several suggested causes for the low
oapacity of the Saloomine as compared with the capacity ob-
tained in the laboratory under ideal conditions. One sugges-
tion was that during the short period of pressurizing the ab-
sorber enough oxygen was absorbed by the Salo,.-mine to indicate
a low capacity. This is not true, however, since less than 1%
of the total volume or gas passing through the Salcomine has
gone through during the pressure build-up. A second suggested
cause, and the one thought to be most valid, is that due to
the method used for packing the Salomwine in the tubes, all
the tubes may not be amed. There is no reason to believe that
the Salaomn is not completely regenerated, this could also
be a cause. The ontly available pressure equilibrium data is
at zero and 250C and is shown in Figure 6.

A typical absorption curve of each unit is Illustrated
in Figure 7 taken from the second run on each unit. From
the data, it appears that the pressure has a decided effect
on the rate of absorption and total oxygenation.

It also appears that the bed depth is not a controlling
factor in this experiment. The optimum operating conditionsa,
from Table I, appear to be as follorw.

Gas pressure 100 psig
Circulating Rate 2 CPU
Cycle Time 1i Hrs.(absorption and desorption)

At these operating conditions, a few runs were made vith
an Initial 5 and 10% oxygen, As would be expnoted, the ab-
orption rate varies with the initial oxygen content (Figuresand9@

DESIGN UNIT

Based on the optimum operating conditions and unit ?'1
with a 1.3% absorption capacity, a new Salcomine unit was

"-'T iffN



designed under conditions proposed by KAPL.

I Maintain a 5% oxygen atmosphere with 0.1 CM air
leakage to the chamber.

2. 60-90 day life on the Saloomine.

The unit is rectangular in shape, 15-5/8 in. x Li in.
x 8-5/8 in., and Is capable of holding approximately 10 lb.
of Sal ac.iNe. Based on the experimental data the unit shoald
readily handle the lqak operating with 16 cycles/aly with 1
hour absorption and t hour for desorption.

Th. Salcomine will be packed on the shellside with water
flowing through the tubes for temperature control of the bed.
This method of packing may yield a better efficiency of the
SaleomIne. Four unions will permit the unit to be replaced
readily, (Figure 10).

pal PESARCH

MBA wlfl undertake the proof testing of the new Salcomine
unit along with a Baker uit supplied by KAPL. This latter
unit Is a catalytc unit which removes the oxygen as carbcn
dioxide by brning diesel fuel over a catalytic bed at ap-
prx'imatel 8400F. The carbon dioxide is then removed with
a water scrubber and the air, primarily nitrogen, is returned
to the chamber.

The conditions of the test will approximate Mark A condi-
tions as nearly as pousibli. The chamber will be used and
fitted with a metered "leak". Data will include the time to
reduce the oxygen from 7% to 5 and the effect of hun-idity.
Any additional tests required can be determined later.

-6- .7
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U~FORMIATION
MBULTIS

ABSOEPTZOJ

IIi

UJLit iJ.

22 in* Bed - 9.2 Db. Saloomine

Rf Fre 02s irWt ieo AbsorbedIn Pres
No.e In C Paig 0F07 GP MinrLK2 4@flm, _• • wt. 319 Zb.21

1 6.l, 2.o 92 72 48 3.0 60 16.01 0092
2 6.,4 2.0 987a 49 30 60 1.92 0.176

8 6i3 2.0 98 72 45 3.0 6o 1.2 0.17
6 2. 72 45 3 0 1:3. 0.1

t 6.70 1.0 97 74 50 3.0 G .6 0O
6611 60734 30 01.41 0.129

6. 6a.5 2.0 69 171; 1.2 60.121

6.o4 2965 73 6 49 .0 60 12.2 0.12
86.68 2.0 72 74 65 ~0 60 1.1*5 0.145

* 6.3 1.0 71 651630 60 13-2 0.16.7 1.0 75 4 1t 0 32 0.1

31 6.50 2.55 13.0 0 40 1.04 0:096
12 6 .20 2 04•° o 6o 1 2.2 0. 11
13 6.40 1.0 1 .0 G110

6.771 49 3.0 60 NO 0

16 645 2.0 29 73 50 3.0 60 0.8 008

17 635 Ila 31 73 49 3.060 0 6 0.08
Ht 4. 4*69 2. 7 5030 60 1. 0.10

5.0 2.0 74 5030 60 09? 0.084
2g4.90 2.0 49 74 x03. 60 0.55 0.051

21 2.0 g97 2513.0 60 1.50 0:138
22 725 *034 3.0 60 1.50 0.1P86 ,. 2.0 72 52 , 60 1 2 o.1.118% 2. 70 72 52 .0 6o 1,43 012

25 2.4 27 73 54 l.0lo .97 0o.09

-i-



j RESULTS

ABSORPTION
Unit #2

15 In. Bad - 6,4 lb. Saloomine

Run 2 Press i Water Te Ogn Absorbed
:INo. APi r OF OPM by 8alcatiTI

""I I; I.I£

1 6.n 2.0 91 72 50 3.0 45 0.89 0.057
2 6473 2.0 96 73 49 3.0 45 1.5.1 0.097
3 6.95 1.o 95 74 49 3.0 45 11.29 0.083
4 6.50o 1.1 97 72 49 3.0 45 1.18 0.076
5 6.20 2.65 72 73 50 3.0 45 0.96 o.o6.

6 6*.0 1.95 70 75 50 3.0 45 1.39 0.085
7 6.50 2.0 60 75 51 3.o 45 1.23 0.079
8 6.57 1.0o 75 74 50 3.0 45 1.14 0.105
9 6.10 1.0 70 77 50 3.0 45 1.02 0.066

.10 6.51 2. 64 71 50 3.0 45 1.03 o.o66

3 6.45 2.75 40 71 5? 3.0 45 0.69 0.044
12 6.10 2.0 50 76 51 3.0 45 i.01 m.o65
13 6.34 1.0 47 71 51 3.0 45 0.94 0.06
14 6.08 3.8 24 73 50 3.0 30 0030 0.019
15 645• 2.0 29 74 49 3.0 45 0.84 0.054

16 6.30 1.0 31 73 51 3.0 45 0.6o 0.039
17 4,e7 2.0 95 74 50 3.0 45 0,.81 0@052

WWLLJ'mLA__L
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RE~SULTS

ABSORPTION
Unit 13

10 In. Bd - 4.2 lb. 3alomine

Ran %0 ft* pegs. &Iz' Time OxygenZ>Abnorbed
No, lp Air P.J3 cq' p H~xim Y bySl n

Cr F p wts lbO:•

1 6.5 2oC5 94 72 50 3.0 45 1.12 0.050
2 6,75 2.0 97 73 49 3.0 40 1.53 0.064
3 6.77 1.0 99 78 50 3.0 45 1.28 0.054
4 6.40 1.0 98 74 49 3.0 35 1.13 o.o48
5 6.35 20 n 74 51 3.0 45 1.51 0.067

6 6.68 1,95 71 77 50 3. 40 .o20 0.051
7 6.21 1*0 73 78 50 3.0 45 1.22 0o.051
8 6u43 0.95 74 77 52 3.0 45 1.26 0.053
9 6.39 2.75 40 71 52 3.0 30 0.522 0.022
0 6.s60 2.55 57 70 5 3.0 35 0.864 0.036

13L 6.10 20 49 75 52 3.0 45 0.98 0.041
12 6.0 1.0 49 73 50 3.0 45 1.10 0.046
13 6.05 2.8 23 72 5 3.0 30 0,18 0.008
14. 6,75 2.0 29 73 50 3.0 45 0.77 0.033
15 6.13 2.6 26 70 50 3.0 45 0.75 0.032

16 6.25 1.0 32 74 49 3.0 45 0.75 • .031
17 4.73 2.0 97 74 50 3.0 45 0.869 0o037

i I
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Saloomine Test System

Salcomine Test Absorbers

Figure 1
•JL. L,........ .
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